Inflammatory colorectal polyps (ICRPs) in Miniature dachshunds (MDs) were recently recognized as a major cause of large bowel diarrhea in this dog breed in Japan \[[@r13]\]. ICRPs are characterized by the formation of multiple small polyps around the large bowel mucosa, almost invariably restricted to the descending colon and rectum, sometimes accompanied by space-occupying solitary large polyp formation. Histopathological findings of ICRPs are proliferative changes of epithelium without cellular atypia, increased goblet cells with dilated crypts, the infiltration of inflammatory cells (predominantly by neutrophils and macrophages) and proliferation of granulation tissue \[[@r13], [@r20]\]. MDs with ICRPs show a good response to immunosuppressive drugs, such as prednisolone, cyclosporine and leflunomide \[[@r6], [@r13]\]. Based on the existence of idiopathic inflammation and effectiveness of immunosuppressive therapy, ICRPs are thought to be a novel form of breed-specific canine inflammatory bowel disease (IBD) in MDs \[[@r8], [@r9], [@r16]\].

Canine and human IBD is a group of disorders characterized by persistent or recurrent gastrointestinal signs and histologic evidence of intestinal inflammation \[[@r4]\]. The pathophysiology of canine and human IBD is not definitively known. However, factors that may be important for the pathogenesis of IBD include changes in mucosal barrier functions and mucosal immune system dysfunction with a loss of tolerance to endogenous microflora or dietary antigens, resulting in chronic inflammation of the gastrointestinal tract \[[@r22]\].

The intestinal epithelial barrier is established by a single layer of epithelial cells, and the space between these cells is sealed by tight junctions (TJs) and adherence junctions (AJs), which regulate the permeability of the intestinal barrier. TJs are complex protein structures comprised of transmembrane proteins. A major component of TJ strands is the integral proteins, claudins. Claudins are transmembrane proteins, and there are 27 members of the claudin family \[[@r2]\]. Differential expressions and properties of claudins are believed to determine tissue-specific variations in electrical resistance and paracellular ionic selectivity among epithelia. AJs are composed of the transmembrane protein E-cadherin and the associated cytoplasmic proteins, the catenins; these are important in the formation of TJs \[[@r3]\]. Alterations in TJ and AJ protein expression and localization were reported in human and canine IBD \[[@r11]\]. In previous reports, increased expression of claudin-2 and decreased expression of claudin-3, -4, -7 and -8 were demonstrated in the colonic mucosa of human IBD \[[@r1], [@r23]\]. In our previous study, E-cadherin expression was significantly decreased in the villus epithelium in duodenal mucosa samples obtained from dogs with IBD \[[@r15]\].

Previously, we determined the protein expression and distribution of several claudins, E-cadherin and β-catenin in the colonic mucosa of healthy beagles \[[@r14]\]. However, there is no information regarding the expression of these TJ and AJ proteins in the colorectal mucosa of MDs with ICRPs. The objective of this study was to determine the expression and distribution of various TJ proteins (claudin-1, -2, -3, -4, -5, -7 and -8) and AJ proteins (E-cadherin and β-catenin) in the colorectal mucosa obtained from MDs with ICRPs.

MATERIALS AND METHODS {#s1}
=====================

Animals
-------

For immunoblot analysis, eight MDs with ICRPs and 8 control dogs were used in this study. The 8 MDs with ICRPs had been referred to Hokkaido University Veterinary Teaching Hospital for the investigation of hematochezia, tenesmus and an increased frequency of defecation and diagnosed with ICRPs based on clinical and histopathological findings of a previous report \[[@r13], [@r20]\]. They consisted of 5 males (2 intact and 3 neutered) and 3 females (2 intact and 1 neutered), and the median age of these dogs was 10 years (range, 9 to 14 years). Written owner consent was obtained for the inclusion of dogs in this study. Control tissue samples were obtained from 8 healthy dogs in a research colony (4 beagles and 4 mixed-breed dogs). These healthy dogs consisted of 5 intact males and 3 intact females, and their median age was 2 years (range, 1 to 9 years). None of these dogs had clinical signs of weight loss for more than 1 year before sample collection. Hematologic, serum biochemical, fecal and abdominal ultrasonographic examinations were performed for all dogs.

For immunohistochemistry analysis, we used the paraffin-embedded tissues of large inflamed lesions collected from another 5 MDs with ICRPs. Rectal pull-through excision was performed at private veterinary hospitals, and large inflamed tissues were submitted to the Department of Diagnostic Pathology of Graduate School of Veterinary Medicine, Hokkaido University for histopathological examination. These 5 MDs consisted of 2 neutered males and 3 females (1 intact and 2 neutered), and the median age of these dogs was 9 years (range, 8 to 11 years). Inflamed mucosal lesions were staged (I-III) according to criteria adapted from those described previously \[[@r20]\]. Lesions in which \>15, 5 -15 and \<5% of the tissue consisted of epithelial cells were defined as stages I, II and III lesions, respectively ([Fig. 1](#fig_001){ref-type="fig"}Fig. 1.Representative photomicrograph of the histologic section of an inflamed lesion of miniature dachshund (MD) with inflammatory colorectal polyps (ICRPs). Histopathological appearance of stage I (A), stage II (B) and stage III (C). (A) Stage I, thickened mucosa composed of hyperplastic goblet cells. (B) Stage II, granulation tissue formation in the apical region of the mucosa and dilated crypts containing abundant mucus. (C) Stage III, excessive production of granulation tissue, abundant neovascularization and marked inflammatory changes. H&E stain; Bar=200 *µ*m for A and 300 *µ*m for B and C.). As a control, full-thickness colorectal tissue samples were obtained from 5 healthy intact male beagles (median age, 0.6 years; range, 0.6--0.7 years), which were used in another unrelated study, at necropsy immediately after euthanasia by an intravenously administered overdose of pentobarbital. These dogs had no clinical signs of gastrointestinal disease and showed no abnormalities, as determined by hematologic, serum biochemical, fecal and abdominal ultrasonographic examinations. The samples were immediately put into 10% phosphate-buffered formalin and embedded in paraffin. These control biopsy specimens showed no abnormality based on World Small Animal Veterinary Association guidelines \[[@r5]\].

All experimental procedures in this study were approved by the Animal Care and Use Committee and the Laboratory Animal Experimentation Committee, Graduate school of Veterinary Medicine, Hokkaido University (Accession number, 13-0142 and 14-0031, respectively).

Tissue sample collection
------------------------

Colorectal mucosa biopsy samples were endoscopically obtained. Colonoscopy was performed during anesthesia with a flexible video endoscope (VQ-8143A, AVS, Tokyo, Japan), and multiple (6 to 8) mucosal biopsy samples of inflamed lesions of 8 MDs with ICRPs were collected using serrated biopsy forceps (FB-53Q-1, AVS). In addition, mucosal biopsy samples of the descending colonic mucosa without macroscopic lesions (non-inflamed mucosa) were also collected from these MDs with ICRPs. Control samples were also obtained from descending colonic mucosa of 8 healthy dogs in a research colony. Biopsy samples for histologic examination were fixed in neutral buffered 10% formalin and then embedded in paraffin wax. Biopsy samples were obtained from each dog for immunoblot analysis, and these samples were frozen and stored at --80C°. Biopsy specimens from the descending colonic mucosa of 8 MDs with ICRPs and 8 healthy dogs showed no abnormality based on World Small Animal Veterinary Association guidelines \[[@r5]\].

Immunoblot analysis
-------------------

Immunoblot analysis was performed as previously described with some modification \[[@r14]\]. One biopsy sample of the colonic mucosa for each dog was homogenized with a plastic pestle in lysis buffer (50 *µl* per 1 mg of biopsy sample) containing 50 mM Tris-HCl (pH, 7.4), 1 mM EDTA, 2% SDS and a protease inhibitor cocktail (Complete Mini EDTA-free, Roche Diagnostics GmbH, Mannheim, Germany). Then, lysates were incubated for 30 min on ice and passed through a biopolymer-shredding system (QIAshredder, QIAGEN, Hilden, Germany). The protein concentration was determined by the Lowry method with a protein assay kit (Bio-Rad DC Protein Assay, Bio-Rad Laboratories Inc., Hercules, CA, U.S.A.) that included bovine serum ALB as a standard. Aliquots (approx 20 *µ*g) of proteins were separated with PAGE and transferred to a polyvinylidene difluoride filter (Trans-Blot Turbo Mini PVDF Transfer Pack, Bio-Rad Laboratories Inc.), followed by blocking with 5% nonfat milk, incubation with rabbit polyclonal antibodies against claudin-1, -2, -3, -5, -7 and -8 (polyclonal antibody designations: JAY.8, MH44, Z23.JM, Z43.JK, ZMD.241 and ZMD.446, respectively; Zymed Laboratories, Carlsbad, CA, U.S.A.; final concentration, 0.08 *µ*g/m*l* diluted in 5% nonfat milk), a mouse monoclonal antibody against claudin-4 (clone 3E2C1; Zymed Laboratories; 0.17 *µ*g/m*l*), mouse monoclonal antibody against E-cadherin (clone 36/E-cadherin; BD Biosciences, San Jose, CA, U.S.A.; 0.04 *µ*g/m*l*), mouse monoclonal antibody against β-catenin (clone 14/Beta-catenin; BD Biosciences; 0.06 *µ*g/m*l*) or mouse monoclonal antibody against β-actin (clone AC- 74; Sigma-Aldrich, St. Louis, MO, U.S.A.; 0.02 *µ*g/m*l*) for 2 hr. Membranes were then incubated with horseradish peroxidase--conjugated swine anti-rabbit IgG polyclonal antibody (DakoCytomation, Tokyo, Japan; 0.11 *µ*g/m*l*) or goat anti-mouse IgG polyclonal antibody (Rockland, Gilbertsville, PA, U.S.A.; 0.5 *µ*g/m*l*) for 1 hr. Signals were detected with a chemiluminescent detection reagent (ECL Prime Western Blotting Detection Reagent, GE Healthcare, Buckinghamshire, U.K.). Densitometric analyses of immunoblot images were performed with software (LumiVision Analyzer 2.0, Aisin Seiki Co., Kariya, Japan). Canine renal cortex and medulla were used as positive control tissue for claudin-1 and -8 as previously reported \[[@r14]\]. The intensity of the signals of each TJ and AJ protein was normalized to the corresponding β-actin signal.

Immunohistochemical analysis
----------------------------

Immunohistochemical analysis was conducted on 3-*µ*m-thick paraffin embedded sections of colorectal samples obtained from 5 MDs with ICRPs and 5 healthy beagles. Heat-induced antigen retrieval was performed by autoclaving the sections for 15 min at 105°C in buffer solution for epitope retrieval (Target Retrieval Solution, pH 9, DakoCytomation). Endogenous peroxidase activity was blocked by incubation with H~2~O~2~ solutions at room temperature for 30 min. Sections were blocked with 10% goat- or rabbit-serum (Histofine SAB-PO Kit, Nichirei Biosciences Inc., Tokyo, Japan) for 30 min at room temperature. The primary antibodies against claudin-2, -3, -5 and -7 (1.2 *µ*g/m*l*) and monoclonal antibodies against claudin-4 (1.2 *µ*g/m*l*), E-cadherin and β-catenin (0.8 *µ*g/m*l*) were added, and the slides were incubated overnight at 4°C. Negative controls were incubated with control rabbit and mouse IgG (1.2 and 0.8 *µ*g/m*l*, respectively). The slides were washed 3 times with PBS and incubated with biotinylated secondary antibody (Histofine SAB-PO Kit, Nichirei Biosciences Inc.) for 1 hr and then rinsed. To detect the complex formed by the primary and secondary antibodies, slides were incubated with streptavidin (Histofine SAB-PO Kit, Nichirei Biosciences Inc.) for 30 min and rinsed in PBS for 10 min. Thereafter, 3,3′-diaminobenzidine was added to the slides for 5 min, followed by washing in water, counterstaining with Mayer's hematoxylin, dehydration and mounting with aqueous permanent medium. Images were obtained with a microscope equipped with a camera (BZ-X710, Keyence, Osaka, Japan). Stained tissue sections were evaluated at ×400 magnification. Immunostaining of TJ and AJ proteins was evaluated along the length of colonic crypt base to luminal surface in areas of intact luminal epithelium. Stain intensity was subjectively graded as absent (--) or positive (+) based on staining results of negative control IgG. For evaluation, colonic epithelium was divided into luminal surface and crypt regions.

Statistics
----------

Statistical analyses were performed using a computer program (JMP 11, SAS Institute Inc., Cary, NC, U.S.A.). The normality of the distribution was assessed with the Shapiro-Wilk W test; some data were determined to be non-normally distributed. Expression levels of each protein were compared between control dogs and MDs with ICRPs using the Mann-Whitney *U* test. Values of *P*\<0.05 were considered significant.

RESULTS {#s2}
=======

TJ and AJ protein expression in colorectal mucosa samples
---------------------------------------------------------

In colonic mucosa from control dogs and non-inflamed mucosa of MDs with ICRPs, expressions of claudin-2, -3, -4, -5 and -7; E-cadherin; and β-catenin were observed ([Fig. 2](#fig_002){ref-type="fig"}Fig. 2.Photographs of immunoblots that indicate expressions of various tight junction and adherence junction proteins in colorectal mucosa biopsy samples obtained from control dogs, and non-inflamed mucosa and inflamed mucosa of MDs with ICRPs. The photograph of control dogs and non-inflamed mucosa of MDs with ICRPs shows the representative immunoblots of each group. The photograph of inflamed mucosa of MDs with ICRPs shows the results of all of the 8 dogs. β-actin is included as a loading control. Values on the right side indicate the apparent molecular mass (in kilodaltons) of each protein.). Expressions of claudin-1 and -8 were not detected in colorectal mucosa samples in any dogs, although anti-claudin-1 and -8 antibodies used in this study detected these claudins in the renal cortex and medulla of dog kidney ([Supplementary Fig. 1](#pdf_001){ref-type="supplementary-material"}). In the inflamed mucosa of ICRPs, expressions of E-cadherin and β-catenin were observed. On the other hand, no expressions of any claudins were detected. In addition, β-actin was only slightly and heterogeneously detected. Thus, densitometry analysis of the expression of TJ and AJ proteins could not be performed in the inflamed mucosa of ICRPs. Densitometry analysis of the expression of TJ and AJ proteins in colonic mucosa from control dogs and non-inflamed mucosa of MDs with ICRPs revealed that there were no significant differences in expression levels of claudin-2, -3, -4, -5 or -7, E-cadherin or β-catenin between MDs with ICRPs and control dogs ([Fig. 3](#fig_003){ref-type="fig"}Fig. 3.Scatterplots of the expressions of claudin-2, -3, -4, -5 and -7 and E-cadherin; β-catenin in colorectal mucosa samples of control dogs (n=8) and non-inflamed mucosa of MDs with ICRPs (n=8). The horizontal line for each group represents the median. Expression units for each protein relative to β-actin expression.).

Immunostaining of TJ and AJ proteins in colorectal mucosa samples
-----------------------------------------------------------------

Next, we examined the TJ and AJ proteins expression and distribution by immunohistochemistry using the paraffin-embedded tissues of surgically excised inflamed lesions that consisted of sequential histological changes from stage I to stage II lesions. Immunostaining was performed for the TJ and AJ proteins detected by immunoblot analysis. In control dogs, the expressions of claudin-3, -4, -5 and -7, E-cadherin and β-catenin were observed in the colonic epithelium and seemed to be uniform along the crypt-to-luminal surface axis ([Figs. 4](#fig_004){ref-type="fig"} and[5](#fig_005){ref-type="fig"}Fig. 4.Photomicrographs of representative immunostaining results of claudin-2 (A and B), -3 (C and D), -4 (E and F), -5 (G and H) and -7 (I and J) and E-cadherin (K and L); β-catenin (M and N) on the luminal surface of colonic mucosa from control dogs (left column) and stage I to stage II inflamed mucosa (right column) of ICRPs. Bars=50 *µ*m.Fig. 5.Photomicrographs of representative immunostaining results of claudin-2 (A and B), -3 (C and D), -4 (E and F), -5 (G and H) and -7 (I and J), and E-cadherin (K and L); β-catenin (M and N) in the crypt base of colonic mucosa from control dogs (left column) and stage I to stage II inflamed mucosa (right column) of ICRPs. Bars=50 *µ*m.). Claudin-2 was readily detectable only in the colonic epithelium of the crypt base, decreasing in intensity from the distal to proximal crypt and becoming barely detectable at the luminal surface of the colon. TJ and AJ proteins specific labeling was detected in the intestinal epithelium, but not in the lamina propria. In the non-inflamed mucosa of MDs with ICRPs, the expression and distribution of TJ and AJ proteins were the same as in colonic mucosa of control dogs (data not shown). In the inflamed lesions of MDs with ICRPs, similar to the results of control dogs, expressions of claudin-2, -3, -4, -5 and -7, E-cadherin and β-catenin were detected in the colonic epithelium within stages I and II ([Figs. 4](#fig_004){ref-type="fig"} and[5](#fig_005){ref-type="fig"}). Meanwhile, the expression of TJ and AJ proteins was almost abolished in granulation tissue (stage III), because of a limited amount of the remaining epithelial component (data not shown). Negative control staining with rabbit and mouse IgG incubation showed no positive reaction in the colorectal samples of control dogs and MDs with ICRPs ([Supplementary Fig. 2](#pdf_001){ref-type="supplementary-material"}).

DISCUSSION {#s3}
==========

In the present study, we examined the expression and distribution of TJ and AJ proteins in the colorectal mucosa of MDs with ICRPs. The results demonstrated that no alteration in the expression and distribution of TJ and AJ proteins was observed in the colorectal epithelium within the inflamed lesions of MDs with ICRPs.

By immunoblotting, claudin-2, -3, -4, -5 and -7 expressions were detected in the non-inflamed mucosa of MDs with ICRPs and colonic mucosa of control dogs. In addition, there were no significant differences in expression levels of claudin-2, -3, -4, -5 or -7 between the non-inflamed mucosa of MDs with ICRPs and those of control dogs. In contrast, all claudin protein expressions were undetectable in the inflamed lesions of ICRPs. A possible reason for these results is that we obtained endoscopic biopsy samples from the center of inflamed lesions, which was mainly composed of granulation tissue, and a scant amount of the epithelial component remained. Basically, claudin proteins are expressed on the epithelium in the intestinal mucosa \[[@r1], [@r15]\]. Thus, undetectable levels of expression of claudin proteins in the inflamed lesion might simply reflect a reduced amount of the epithelial component. It is difficult to macroscopically differentiate stage I and II lesions from stage III lesions during the endoscopic procedure. Thus, it was thought that immunoblotting was not a suitable method for the analysis of claudin protein expressions in the inflamed mucosa, because of a large amount of granulation tissue in the inflamed lesion, especially in stage III.

In contrast, E-cadherin and β-catenin proteins were detected in inflamed lesions of ICRP. The reason for detectable levels of E-cadherin and β-catenin proteins, but not claudin protein, is unknown, but it may be due to the high sensitivity of antibodies for these proteins used in this study. These antibodies could detect E-cadherin and β-catenin proteins on the scant amount of remaining epithelium in the inflamed lesion. However, β-actin expression was barely detectable in the inflamed lesions of ICRPs. Thus, densitometric analysis of E-cadherin and β-catenin protein expressions could not be performed. It was also unclear why β-actin expression was barely detectable. A possible explanation for this result was that the biopsy samples from inflamed mucosa might not contain sufficient amount of cells for detecting β-actin expression, although the fixed amount of proteins (approx 20 *µ*g) were used for immunoblot analysis. The inflamed mucosa of ICRPs was composed of heterogeneous tissue architecture, including dilated crypts with abundant mucus material and inflammatory cell debris as shown in [Fig. 1](#fig_001){ref-type="fig"}. Indeed, β-actin protein showed heterogeneous expression in the inflamed mucosa of ICRPs as shown in [Fig. 2](#fig_002){ref-type="fig"}. Moreover, we also used anti-glyceraldehyde 3-phosphate dehydrogenase monoclonal antibody as an internal control for protein expression, but the result was the same as that of the anti-β-actin antibody (data not shown). From these results, it is thought to be difficult to examine the TJ and AJ proteins expression in the inflamed mucosa of ICRPs by immunoblotting.

To further compare the expressions of the TJ and AJ proteins between the inflamed lesions of ICRPs and colorectal mucosa of control dogs, we employed immunohistochemical analysis, which enabled us to examine the TJ and AJ protein expressions on the epithelium of stage I and stage II lesions of ICRPs. As a result, there was no alteration in the expression and distribution of TJ and AJ proteins even in the epithelium of the stage II lesions of ICRPs. These findings suggest that significant changes in apical junction complex proteins expression might not occur in the colorectal epithelium of ICRPs. In human IBD, barrier integrity of the intestinal mucosa was evaluated by not only TJ and AJ proteins expression analysis, but also the assessment of barrier functions \[[@r12], [@r23]\]. In the future study, evaluation of the barrier function, such as transepithelial electrical resistance and flux assays of molecular tracers, in the colorectal mucosa of MDs with ICRPs is needed.

On the other hand, in human IBD, several previous studies reported that claudin-2 protein expression was upregulated in the colonic epithelium of affected lesions \[[@r21], [@r23]\]. Furthermore, it has been reported that alterations of claudin-1, -3, -4, -7 and -8 expressions were observed in the colonic mucosa of human IBD \[[@r1], [@r21]\]. In human IBD, the alterations in expressions of claudins were reported to be induced by pro-inflammatory cytokines (IFN-γ, TNF-β and IL-6) and Th2 cytokine (IL-13) \[[@r7], [@r17], [@r23]\]. In MDs with ICRPs, similar to human IBD, IFN-γ and TNF-β were upregulated in inflamed mucosa \[[@r16], [@r18]\]. However, the present study demonstrated no alteration in the expression or distribution of several TJ proteins in MDs with ICRPs. There is a possibility of changes in the expression of the other TJ proteins, such as occludin and Zona occludens-1 \[[@r10]\], in inflamed lesions of MDs with ICRPs.

There are several limitations in the current study. Firstly, the sample size of each group was small. The possibility of alterations in TJ and AJ protein expressions could not be definitely ruled out, because of the small number of cases. Secondly, this study examined only seven claudin proteins and two AJ proteins. However, the TJ and AJ are composed of a number of transmembrane proteins, including occludin, junctional adhesion molecule, tricelluin, p-cadherin and α-catenin which might play important roles in forming the TJ and AJ \[[@r12], [@r19]\]. A further study is needed to examine the expressions of the other TJ and AJ proteins in inflamed lesions of MDs with ICRPs.

In conclusion, the results of the present study indicate that there was no clear change in expressions of several TJ and AJ proteins in the colorectal epithelium of ICRPs. A further study is needed to examine the other TJ and AJ proteins expression and to evaluate the barrier function of colorectal mucosal epithelium from MDs with ICRPs.
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